Introduction
In recent years, in order to alleviate the shortage of water resources in the north and promote the optimal allocation of water resources, a large number of cross-basin cascades pumping station water conveyance project has been built. Pumping station is the core part of the project and its energy consumption and operating costs is bigger. Therefore, the corresponding need to run energy-saving and potential is also great.
Large-scale pumping stations generally use the planned water distribution method by according to requirement to adjust the water in the intake area and combining with the conveyance capacity of main channel to develop daily water supply plan. The optimization of pumping station daily operation plan is the key link of pumping station economic operation. In this paper, based on the calculation of pumping device efficiency, the daily economic operation model of pumping station is established by considering the factors such as lift change to find the optimal daily operation scheduling scheme and rationally arrange the start-up combination and operation scheme of each unit. Therefore, the operating costs of pumping stations are reduced [1] [2] [3] [4] .
Analysis and Calculation of Performance Characteristics of Pump device
According to the model test data of the existing pump system, the performance data of the pump system are obtained by the similar conversion aiming at frequency control pumping station about east route of South-to-North water transfer. By using the B-spline curve fitting method, the comprehensive characteristic curve of the water pumping prototype device can be obtained [5] .On this basis, the motor efficiency and transmission efficiency are taken into account, and the comprehensive characteristic curves of the pumping station are obtained, which provide the basic data for the optimization of pumping station operation [6] [7] [8] Efficiency of Pump Unit. The efficiency of the pumping device can be calculated on the basis of the efficiency of the pump system to consider the motor efficiency and transmission efficiency, pumping efficiency calculation formula is as follows. h » . Large-scale axial flow pumping stations are generally used low-speed synchronous motor, and it is effective power equipment whose efficiency can be considered basically unchanged from full load to 50% load.
Determination of Pump Operating Point. The pump system in the 1 n and 2 n speed QH curve similarity point for the 1 A and 2 A , the pump speed of each QH curve under the efficiency point of the line as a coordinate through the origin of the quadratic parabola, denoted by The daily pumping amount of the pumping station is fixed, and the minimum operating cost is taken as the target. The blade angle (speed) of each unit in the pumping station is taken as the decision variable, and the time of the pumping station is calculated. Distribution and the corresponding pumping station internal operation program (number of switching machines, blade angle, and speed), the optimization model is as follows:
(1) Objective function , ( , )
Where , ( , ) pump j j j QH  is optimal efficiency; TW represents total water flow. Q Q Q  Model Solving. In this paper, the dynamic programming method based on discrete interval is used to solve the optimal decision problem of each model. The dynamic programming method is one of the basic mathematical methods in optimization techniques, which is created by the American mathematician Bellman R. Bellman. It divides the complex initial problem into several sub-problems, which are solved step by step. The dynamic programming method based on interval discretization is used to solve each subsystem in this paper. The calculation points of the general dynamic programming method are discrete. When the discrete steps of the decision points are not equal in the adjacent stage, there is no decision combination for a given state, which leads to the exponential increase of the discrete points. In order to avoid this problem, the state variables are replaced by interval discretization instead of point discretization.
An Example of Optimizing Economic Operation of Han Zhuang Pumping Station on the Eastern Route of the South -to -North Water Transfer Project
Overview of Han Zhuang Pumping Station. Han Zhuang pumping station hub project is located in the west of Zaozhuang. The highest design lift of Han Zhuang pumping station is 4.15m, and the lowest lift is 2.25m. The stand-alone design flow of Han Zhuang pumping station is 31.5m by 10kV high voltage variable frequency motor. The power frequency is 125r/min. The motor power is 2000kW, and the total installed capacity of the pumping station is 10000kW.
Considering the factors of time-sharing tariff cycle and lift changes, Han Zhuang pumping station is divided into four periods a day by using the planned water transfer model. The lift and price changes in Table 1 . According to the performance data of pump model of Han Zhuang pumping station, the head-flow-efficiency and head-flow-speed performance data of pumping station can be obtained according to the method of section 1, and the basic data are optimized.
Calculation and Analysis of Daily Economic Operation Plan of Single-stage Pump. According to the optimization model, the flow distribution of Han Zhuang pumping station is calculated at each time, and the optimal operation of each unit is shown in the table below. Program in Table 2, Table 3 . Supported by National Science and Technology Ministry(ID:2015BAB07B03,2015BAB07B02) and 
Conclusion
In the case of a certain total daily water supply, the price of electricity, water flow, lift and pumping efficiency in each period are the main factors that affect the daily operation cost of pumping station. Among them, comparing to pump efficiency and lift changes, time-sharing price is the main factor that affects flow distribution in time period and daily operation cost due to different price differences in different periods is bigger.
When the total daily water supply and the lift change are constant, the operation cost can be reduced significantly by optimizing the operation. Taking the typical working conditions as an example, the operating cost of Han Zhuang pumping station is 0.009 yuan /m³, which is 12% less than that before optimization.
In this paper, the efficiency of the pumping device is calculated from the pump model data, and the next step should be in the actual operation of the pumping station operating point of the operating parameters, the performance of the check to ensure the reliability of the optimization program [9] [10] .
